Abstract The aim of this study is to emphasise the importance of preserving the anterior facial skeleton in angiofibroma surgery and to introduce a new approach by which tumors with far lateral extensions can be operated upon successfully without disruption of the anterior facial skeleton. This is a prospective study conducted at a tertiary referral academic centre. Two patients with extensive juvenile nasopharyngeal angiofibroma with far lateral extensions were recruited and they underwent surgery between July and August 2016. Both patients were not embolised prior to surgery. Complete tumor removal was achieved in both cases without any evidence of recurrence of disease. The facial contour was well maintained. They are under regular follow-up at our centre, having completed their third 3 monthly follow-up. The main outcome measures are preservation of the anterior facial skeleton and complete tumor removal. The Four-Port Bradoo Technique allows for maximum access to the angiofibroma whilst maintaining the anterior facial skeleton, thus ensuring complete removal with minimal morbidity to the patient.
Introduction
Juvenile nasopharyngeal angiofibroma has always been a surgically difficult tumor to treat. Its vascularity, propensity to grow intracranially through various fissures and foramina in the base skull and its ability to burrow into the marrow spaces in diploic bone without destroying the surrounding compact bone makes it a challenge to operate upon successfully. There have been many approaches described for excising these tumors -the traditional open approaches, the endoscopic approach [1] , the combined or endoscopic assisted approach [2, 3] , the Push-Pull approach [4] the endoscopic Modified Denker's approach [5] and more recently the multiport approaches through both the nasal and oral cavities [6, 7] . We propose a technique whereby large, lateral extensions of the tumors can be accessed and removed without violating the anterior facial skeleton, thereby preventing facial deformity in the future.
Methods
Two patients of juvenile nasopharyngeal angiofibroma with large lateral extensions in the infratemporal fossa and the parapharyngeal space were chosen for this approach.
After decongestion of the nose, the septum was infiltrated and a posterior septectomy was performed by removing parts of the vomer and the perpendicular part of the ethmoid bone. Care was taken not to destabilise the quadrangular cartilage. The two nostrils thus became port A and port B.
The buccogingival sulcus in the region of the canine fossa was infiltrated with 2% xylocaine adrenaline solution. anterior wall of the maxilla. An antral window was created by removing enough bone to allow free access for a scope and an instrument, approximately 2 9 2 cm. Care was taken not to damage the frontonasal process of the maxilla or the infra-orbital nerve. This became port C (Fig. 1) . A fourth port of access was then created. After infiltrating with 2% xylocaine adrenaline, a second incision of 2.5 cm was made in the buccogingival sulcus at the level of the last molar. This became port D (Fig. 2) .
Thus, the angiofibroma could be accessed anteriorly through any one of these 4 ports (Fig. 3) . These ports significantly improved lateral access to the tumor and its feeding vessel-the maxillary artery-without removal of the frontonasal process or the nasolacrimal duct. The scope and various instruments could be passed interchangeably through two or more of these ports, at various stages of the surgery to ensure maximum visualization as well as reach of the instruments.
After creating these ports the nasal portion of the tumor was first excised using port A and B to create space in the nasal cavity.
Port D was used primarily by an assistant surgeon to insert a finger into the infratemporal fossa, although it could also be used to pass instruments as well. The assistant did not dissect with his finger as the maxillary artery would have then been at a risk of being torn. He simply stabilized the tumor so that it did not keep falling back laterally as the primary surgeon worked endoscopically through the nostrils to deliver it (Fig. 2) .
The maxillary artery was ligated. The infra-orbital nerve was separated. This was done primarily using ports B and C. Once the tumor was separated from all its adhesions, it was pushed medially into the nasal cavity and delivered out. The access to the intraorbital and the intracranial parts of the tumor thus became easier. Results Post-operative CT scans done prior to discharge showed complete tumor removal in both cases (Fig. 4) . The first patient (M.S.) was transfused 4 units of blood and the second patient (V.P.) was transfused 2 units. At 9 months follow-up in both cases, there is no evidence of recurrence of tumor and the facial contour is well maintained.
Discussion
Endoscopic excision of angiofibroma is now a well-accepted method of treating these tumors [8] . With increasing expertise, it is possible to excise intraorbital and intracranial extensions endoscopically [9] . This requires removal of the 
various components of the skull base such as the lateral wall of the sphenoid, the pterygoid base, the pterygoid plates, the greater wing of the sphenoid, medial and inferior walls of the orbit. Inspite of such extensive bone removal, there is no significant morbidity in terms of appearance of the patient. However, this is not the case with lateral extensions of the tumor such as in the infratemporal fossa, temporal fossa, parapharyngeal space. Access to these areas is impeded by certain 'pillars' of the anterior facial skeleton. Removal of these pillars may not cause an immediate change in the facial contour but can cause facial deformity in the long term (Fig. 5) .
The septum forms the first 'pillar'. The second 'pillar' is the pyriform aperture which is formed by the frontonasal process of the maxilla within which lies the nasolacrimal duct and lacrimal sac. The third 'pillar' is the far lateral edge of the maxilla with its zygomatic process.
The endoscopic modified Denker's approach has gained popularity in the recent years as it enables the surgeon to access the lateral extensions of the tumor in the infratemporal and parapharyngeal regions. This approach involves removal of the frontonasal process of the maxilla to widen the pyriform aperture and removal of the nasolacrimal duct and at times the lacrimal sac. It is being especially practiced in those centres where the facilities of embolization are unavailable as it helps create access to clamp the maxillary artery at the beginning of the surgery itself.
While this approach is relatively simpler surgically and provides a wide access, it has significant disadvantages and post-operative morbidity. There is a change in the facial contour and ablation of the nasolacrimal system. Facial deformity with ectropion of the eye is even more pronounced in those patients where part of the floor and medial wall of the orbit have been removed to access intraorbital and intracranial extensions of the tumor even if the inferior orbital rim is maintained. The deformity worsens with time as the fibrosis in the operated field increases. The growth patterns of the midface are also disturbed, and these need to be studied in more detail. Disturbance in lacrimation leads first to disturbing epiphora, and as the ectropion becomes more evident, to a persistently congested, dry eye (Fig. 6 ).
This outcome is particularly unfortunate following angiofibroma surgery as the tumor never involves or is adherent to the anterior facial skeleton or lacrimal apparatus (unlike the inverted papilloma [10, 11] ). Also, these patients are young boys in whom facial deformity and This technique, which we propose to name as the 'FourPort Bradoo Technique' follows the principle of preserving the 'pillars' of support of the facial skeleton without compromising access for complete excision of the tumor. The four ports can be used interchangeably whilst excising the tumor. The impediment caused by the first 'pillar' i.e. the septum is overcome by doing a posterior septectomy for a binostril approach which uses the port A and B. Since the quadrangular cartilage of the septum is maintained, there is no significant increase in morbidity. The ports B and C together help circumvent the second pillar i.e. the frontonasal process of the maxilla. Similarly, the third pillar i.e. lateral edge of the maxilla and its zygomatic process can be circumvented by using port C and port D together.
Conclusion
The basic tenet of any endoscopic surgery is to gain maximum access with a minimally invasive approach. The Four-Port Bradoo Technique allows for maximum access to the angiofibroma, thus ensuring complete removal with minimal morbidity to the patient.
Key Messages
1. The nasal septum, the frontonasal process of the maxilla and the far lateral edge of the maxilla with its zygomatic process form 3 pillars of the anterior facial skeleton. 2. Removing these pillars for access in angiofibroma surgery can result in change of the facial contour. This deformity worsens with time due to fibrosis. 3. Using four different ports i.e. the two nostrils, an antral window and a sublabial incision adjacent to the last molar, allows maximum access to the tumour without damaging these pillars and without compromising complete tumour removal. 4. This technique ensures that the facial contour is maintained even after removal of angiofibromas with far lateral extensions.
